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I The 39th Electronic Materials Conference (EMC) was, this year, held at the Colorado State University in Fort 
Collins, USA, from 25 to 27 June. The meeting was well attended with more than 330 participants from 
around the world. The majority of the participants were, not surprisingly, from the USA, although Japan did 
provide a significant number of delegates. 
A 
l though no major break- 
throughs in electronic ma- 
terials were reported, the 
39th EMC did produce  a large 
quantity of important information. 
The plenary lecture was pre- 
sented by Dr A.M. Glass (Lucent 
Technology Bell Labs, Hinesburg, 
Vermont, USA) speaking on the 
subject of materials challenges for 
photonic networks. There were 
several parallel sessions involving a 
wide range of topics. 
From the plethora of informa- 
tion presented,  this report  will 
concentrate on the quantum dots 
(QDs) and nanoscale fabrication 
symposia. 
Quantum dots 
K.H. Schmidt et  al. (University of 
Bochum, Germany) reported the 
influence of the InAs coverage on 
the size, density and character of 
InAs islands grown by molecular 
beam epitaxy (MBE) deposition in 
the Stransky-Krastanow growth 
mode. They used capacitance (C-V), 
photoluminescence (PL) and pho~ 
tovoltage (PV) spectroscopy to 
study the size distribution and the 
electronic structure of the coher- 
ently strained QDs as a function of 
the amount of InAs deposited. It is 
bel ieved that these techniques 
might provide more reliable size 
information about the islands than 
atomic force and transmission elec- 
tron microscopy. 
For compat ib i l i ty  wi th  ]ow 
power  e lectronics  and silicon- 
based photodetectors, it is impor- 
tant to fabricate QDs with emission 
wave length  in the 0.65 jam to 
0.85 pam range,  wh ich  can be 
achieved by the introduction of Al 
into the QD material. O. Baklenov 
et  al. (University of Texas-Austin, 
USA) presented  resu l ts  on 
1% ~GayAl 05.yAs QDs. Good lumi- 
nescence f~ciency was obtained, 
but the dot formation is modified 
compared with QDs formed from 
In0.sGa0.sAs. 
K.Yoh et aZ (Hokkaido University, 
Sapporo, Japan) investigated self- 
assembled InAs dots grown on pat- 
terned GaAs/AIGaAs substrates. 
QDs were found to grow selective- 
ly on the r idge of a row of V- 
grooves patterned on both (100) 
and (111)B surfaces of GaAs sub- 
strates. They observed that polyhe- 
dron- l ike  InAs dots  regu lar ly  
aligned along the ridge patterned 
on the (111)B GaAs surface, where- 
as pyramidal shapes were obtained 
on (100) GaAs substrates. 
The paper by H. Saito et  al. 
(NEC Corp, Ibaraki, Japan) was 
concerned with the successful 
app l i ca t ion  of  QD s t ruc tura l  
anisotropy to achieve polarization 
control in vertical-cavity surface- 
emitting lasers (VCSELs), the first 
optical device to demonstrate he 
superior characteristics of QDs. 
The lasing wavelength of their QD 
VCSEL was 985 nm. Lasing emis- 
sion showed polarization along the 
[Oi 1 ] direction, for which the or- 
thogonal [0111 polarization is sup- 
pressed by 18 dB.This polarization 
control of a QD VCSEL is caused by 
large optical gain along [0 i l l  as 
demonstrated byPL spectra. 
R. Notzel et  al.  (Paul Drude 
Inst itute,  Berlin, Germany) de- 
scribed some very interesting re- 
sults of the formation of quantum 
wire and QD arrays using atomic 
hydrogen assisted MBE on pat- 
terned GaAs (311)A substrates. 
The successes obtained in the 
fabrication of III-V self-assembled 
QDs have prompted several re- 
search groups around the world to 
study similar growth processes in 
the II-VI semiconductors. E Flack 
and colleagues (Pennsylvania State 
University, USA) presented a de- 
tailed and comprehensible study of 
the growth and characterization f 
self-assembled CdSe QDs formed 
during the strained layer epitaxy of 
(cubic) CdSe on ZnSe with a lattice 
mismatch of 7%. Both structural 
and optical studies showed that 
these CdSe nanostructures  are 
structurally quite different from 
self-assembled III-V QDs, with 
mean island diameters in the range 
10-25 nm and mean island heights 
rarely exceeding 3 nm.The striking 
difference in island geometry be- 
tween the III-V and II-VI nanostruc- 
tures was a t t r ibuted  to lower  
surface mobilities and larger inter- 
diffusion in the latter materials. 
Dr S. Nakamura (Nichia Chemical 
Industries Ltd, Tokushima, Japan) 
gave an invited talk on InGaN- 
based blue semiconductor lasers. 
He reported on the room tempera- 
ture CW operation of the InGaAs 
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multi-quantum well (MQVO laser 
diodes (LDs) wi th  a lifetime of'  
35 hours. Recombination of local- 
ized states excitons was proposed 
as an emission mechanism for the 
spontaneous  emiss ion  of  the 
InGaAs QW structure LEDs and 
LDs. The radiative recombination 
of the spontaneous and stimulated 
emission of the InGaAs MQW LEDs 
and LDs was attributed to excitons 
(or carriers) localized at deep traps 
(250 meV) which originated from 
the In-rich region in the InGaN 
wells acting as QDs. 
Nanoscale fabrication 
S.J. Rehse et  al. (Colorado State 
Univers i ty,  Fort Col l ins,  USA) 
showed how to fabricate 50 nm 
pillars in GaAs with well defined 
edges and aspect ratio of 2:1 using 
contamination resist l ithography 
and chemically assisted reactive 
ion beam etching (CAIBE). The 
contamination resist pattern was 
formed by a beam of metastable 
neon atoms (Ne*) which, upon col- 
lision with the substrate, trans- 
ferred their excess energy to the 
diffusion pump oil vapours pre- 
sent as dilute contaminants in the 
vacuum chamber.  This energy  
transfer led to the formation of a 
contaminant resist pattern mainly 
composed of carbon atoms. The 
main advantage of this so-called 
atom lithography is that the small 
de Broglie wavelength, 20 pm for 
the Ne atoms used by the authors, 
significantly reduces diffraction ef- 
fects when compared with optical 
lithography. 
K. Shiralagi et  al. (Motorola, 
Tempe, USA) gave an interesting 
paper on resist-less patterning of 
GaAs for selective growth. It is well 
known that conventionally a pho- 
toresist is used to pattern semicon- 
ductors in all device and circuits 
processes. The authors claim that 
they have discovered a new way of 
patterning wafers without using a 
photoresist. In this resist-less tech- 
nique the semiconductor surface 
itself is optically modified to act as 
a mask that can be used for subse- 
quent processing.There are several 
advantages wi th  this resist-less 
method including better cleanli- 
ness, fewer process steps, elimina- 
t ion  of  cer ta in  chemica ls ,  a 
reduction in cycle time, enhance- 
ment in yield, and improved com- 
patibility with cluster tools. 
K. Matsumoto et  al. (Electro- 
technical Lab, Ibaraki, Japan) used 
an atomic force microscope (AFM) 
to fabricate nanometre-wide oxi- 
dized metal lines which work as 
energy barriers for the electron. 
Using the AFM canti lever as an 
ultra-small  chemica l  ca thode ,  
the atomically flat Nb metal sur- 
face was oxidized and, by scanning 
the canti lever,  the cont inuous  
nanometre-wide oxidized line was 
fabr i ca ted .  The he ight ,  w id th  
and length of the oxidized line 
were 0.8 nm, 20 nm and 500 nm, 
respectively. 
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